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AHereditary hemolytic anemias due to RBC - SAKIA
membrane defects . vavis
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AConventional and alternative diagnostic
workflows of RBC membrane defects

AGenetic testing for diagnosis and
management of the patients:
benefits & limitations




Hereditary red blood cell defects (H -RBCDs)
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VV Anemia affects 1.6 billion people worldwide

V About 10% of these Iindividuals are affected by rare anemias of which >80% are hereditary

Acquired (<20%)

Erythropoietic defects (non-regenerative anaemias) | |

v

m Done marrow aplasia (BMA)

m Pure red cell aplasia (PRCA)

A Hemolytic anemias due to red cell membrane defects

Myelodysplastic syndromes (MDS) A

Hyporegenerative anemias due to ineffective erythropoiesis

A Hemolytic anemias due to enzymatic defects

RBC defects (regenerative anaemia)

A Anemias due to defects in iron metabolism genes

m Paroxysmal nocturnal hemogobinuria (HPN)

Blood plasma abnormalities (regenerative anaemias) | N I
Autoimmune haemolytic anaemia (ATHA) \/



|
UNIVERSITA DECLI STUDE DI NAPOU g e

FEDERICO Il sioTecNoLoGIE AvANZATE

FRANCO SALVATORE

Genetic and phenotypic heterogeneity of H -RBCDs

V > 100 genes associated to RBCDs V' Overlapping clinical features

Bone marrow Peripheral blood
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Classification of H -RBCDs

Bone marrow Peripheral blood

Iron dependence
EPO dependence ‘ R e e s
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lolascon A, Andolfo | and Russo R, BJH 2019

lolascon A, Andolfo A, Russo R. Blood 2020
Luzzatto L, De Franceschi L. Chapter 100 . Hemolytic Anemias - Harrison's Hematology and Oncology 2023
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TABLE 100-2 Features Common to Most Patients with a Hemolytic

V' Hereditary hemolytic anemias are a Disorder

o General examination | Jaundice, pallor
heterogeneous group of conditions Other physical findings | Spleen may be enlarged; bossing of skull in severe
characterized by premature erythrocyte | congenttal cases
_ _ T Hemoglobin level From normal to severely reduced
destruction and anemia due to Intrinsic MCV. MCH Usually increased
RBC defects Reticulocytes Usually increased
Bilirubin Almost always increased (mostly unconjugated)
LDH Increased (up to 10x normal with intravascular
hemolysis)
Haptoglobin Reduced to absent if hemolysis is at least in part
Intravascular

Abbrewviations: LDH, lactate dehydrogenase; MCH, mean corpuscular hemoglobin;
MCV, mean corpuscular volume.

Andolfo I, Russo R, Gambale A, lolascon A. Haematologica 2016
lolascon A, Andolfo | and Russo R, BJH 2019
Luzzatto L, De Franceschi L. Chapter 100 . Hemolytic Anemias - Harrison's Hematology and Oncology 2023
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V Red blood cell (RBC) membrane disorders are inherited conditions caused by mutations in genes that encode membrane or
cytoskeletal proteins, as well as transmembrane transporters or channels.

V Decreased red cell deformability
and permeabillity

___ i

V Shortened red cell survival

lelee Band3™ |
" By o e, V Premature removal of the

L "5 R orbrane erythrocytes from the
- f] bloodstream
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KCNN4* ABCB6*

Adducins
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Actin — 1}

Tropomyosin _ _
A Hemolytic anemia

— A Jaundice
T — A Reticulocytosis
Tropomodulin A Splenomegaly
A Cholelithiasis
‘ A Iron overload (PIEZO1-related conditions)

Ankyrin complex Junctional complex

Andolfo I, Russo R, Gambale A, lolascon A. Haematologica 2016
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HRBCDs due to erythrocyte membrane defects

A Most RBC membrane defects show an autosomal dominant inheritance pattern
A The prevalence ranges from

01:2,000-5,000 for hereditary spherocytosis to

01:8,000 for dehydrated hereditary stomatocytosis

Table 1. Classification of erythrocyte membrane disorders by OMIM database.
Disease ~ Phenotype Phenotype Gene Protein name*

symbol MIM number location

A.RBC disorders caused by altered membrane structural organization A HS

HS1 Hereditary spherocytosis type | 182900 ANKI Ankyrin-1 AD
Spll.2l B.RBC disorders caused by altered membrane transport function A Hst
H52 Hereditary spherocytosis type 2 B 1664% SPTE Spectrin 3 chain, erythrocytic AD
I4g23.3
H53 Hereditary spherocytosis type 3 270970 SPTAI Spectrin oo chain, erythrocytic 1 AR
lq23.1 07 e
H54 Hereditary spherocytosis type 4 612653 SLC4AL Band 3 anion transport protein AD ! !
- J?q‘”"ﬂ i Ankyrin i
H55 Hereditary spherocytosis type 5 612690 EPB4Z Erythrocyte membrane protein band 42 AR | |
15g15.2 : :
HEI Hereditary elliptocytosis 1 611804 EPB4I Protein hand 4.1 AD ] \,_ Junctional 1
] M.E 3 S complex :
HE? Hereditary elliptocytosis 2 130600 SPTAl Spectrin oo chain, erythrocytic 1 AD :
lg23.1 :
HE:Z Hereditary elliptocytosis 3 - SPTH Spectrin (§ chain, erythrocytic AD i
14233 !
HPP Hereditary Pyropoikilocytosis 266140 SPTAI Spectrin o chain, erythrocytic 1 AR
lq23.1
SAD (Owalocytosis Southeast Asian type 166900 SLC4AL Band 3 anion transport protein AD
17g21.31
OHS Overhydrated hereditary stomatocytosis 185000 RHAG Ammonium transporter Rh type A AD Red blood cell .
6pi2.3 N
DHSI Dehydrated hereditary stomatocytosis with or 194380 PIEZO1 Piezo-type mechanosensitive ion channel AD .
without pseudohyperkalemia and/or perinatal edema I6g24.3 component 1
DHSZ Dehydrated hereditary stomatocytosis 2 b16689 KCNN4 Intermediate conductance AD
19qi3.3] calclum-activated potassium channel protein 4
FP Familial pseudohyperkalemia 609153 ARCRG ATP-binding cassette sub-family B AD
2q35-g36 member 6
CHC Cryohydrocytosis 185020 SLC4AL Band 3 anion transport protein AD
17g21.31

fProtein name reported in Uniprot datfabase AD: Antosomal dorminant; AR Aulosomal recessive; ATF adenosine inphosplale; B Rvesus; OMIMT Oniine Mendelion nhertance in
Man; MIM: Mendelian Inheritance in Man.

Andolfo I, Russo R, Gambale A, lolascon A. Haematologica 2016
lolascon A, Andolfo | and Russo R, BJH 2019



Conventional diagnostic workflow
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Absence of anemia
Absence of hemothysis

MNormal retioulocytes
countfevlievated MWV

Evaluwation of kalemia
[at different temparatuna)

CBC

Hemaolytic anemia

Elevatad
reticulocyte count

Exclusion of other causes:
tenFymes diefects, sutaimmuonity,
hermoglobinopathies

| Reduced or nommal CDAs
reticulocyie count

Familial Pseudo Fed blood cells
Hyperkalemia rmembrane deffect
A BCRG
Hereditary Hereditary Hereditary Hereditary Hereditary
spharocytosis pyropoikilocytosis alliptocytosis 5.E.A ovalocytosis stomatocytosis
: Hb. MOV, MCH, MHCH
First-line investigations Perfipheral blood (PE] smear
Farnily history and transmission] pattens
bormal MOW
Morrnal MCY, MCH
Flevated MCH and MHCH Aeduced MCY Elestatied MCH Morrmal MOV Elevated MWC and MCH
{severe cases)
_ ) PH smear: PR srmesar;
= i sn‘:ze;ri..m all P?nin;;:réﬂd ellyptocytes, sphemcytes, PE smear; stomatocytes
palychromatophilia Fra?*nmted cells ki Srsocye (viriabibe cheg row:
fragmented cells OHS > 20%%; [H 5 2P

F5% AL transmission iB vaaaniaG

SFTR
K SPFTa

25% AR or de novo
Second-line lnvestigations
I I
Reduced OF, Curve with trapezoidal
AGLTSD and Pink shape at ckiacytometry
ki v
Third-line investigations
|
Molecular anahmsis Maolecular anakysis:
AMED cLCan TR
EFBEa2 LELY wariant

A0 trasrmisdion

& Dsmotic fragility [OF), AGLTS0, pink, EMA tests
# Ektacytometry

Ebevated OF
(severe cases)

Curve with trapezoidal
shape at ektacytormetry

S05 PAGE
Direct sequencing of causative
RHES custorn panels

Maolecular analysis:;
ERPa SPTA
“PTH

Al trasmiEgion

Flattenned curve at
ektacytometry

[ Eres

Molacular analysis:
SLCas

\ /

ALY frasrmisesan

|
Ektacytometry;
® left shift for DHS
® right shift for OHS

EMA, test
normal or elevated

!

Molecular anabysis:
FMEZOT or KCB M for DHS
R for OHS

A. RBC disorders caused by altered membrane structural organization

B. RBC disorders caused by altered membrane transport function

First-line investigations:
1. CBC + retics count
2. peripheral blood (PB) smear
3. family history

Second-line investigations:
1.0smotic fragility (OF), AGLT50,
Pink, EMA tests, SDS-PAGE

Third-line investigations:
1.Direct sequencing of causative

genes
2.NGS custom panels, WES, WGS

Complete Blood Count

Analyte Result Normal range
Red cell count 5.5 x 101%/L 4,5-5.7
White cell count 9.8 x 10%/L 4.0 -10.0
Hemoglobin 123g/L 133 =167
Hematocrit 0.42 0.35-0.53
MCV 76fL 77 —98
MCH 22.4pg 26-33
MCHC 293pg/L 330-370
RDW 14.5% 10.3-15.3
—~ ) '. .l v 5 11 12

¢

e | A [R] .2

2.Ektacytometry
) m Sg:lzﬂﬁgis Control
% z
2]
<
=
=]
S

EMA

Ektacytometry

Russo et al, AJH 2018; Andolfo et al, Genes 2021; Zaninoni et al, Front Physiol 2018
Andolfo I, Russo R, Gambale A, lolascon A. Haematologica 2016

!

Analysis method Sangerar drectsequencing Mo i Loag e tsemerci
Shivs SNvVs

Assessed features RS Smalldelinsindels SIS derminden
ChVs Trinutieotide repest expansion

Fragment lengths 500.1000bp 50=150bp 50-150bp:> 500bp

Technical accuracy Wevy high High Low

Functional Computational Computatanal
- = Ltsrature B By preciction Fﬂ':‘g-m:m mm
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First -line investigations

First-line investigations: ANKT
1. CBC + retics count cPBaz
2.Uneripheral blood (PB) smear |

3. family history

SLC4A1

EPB41

HS HE HPP
(ANK1/EPB42SPTB/SPTA1/SLC4A1)  (SPTA1/SPTB/EPB41) (SPTA1/SPTA1-SPTB) Séﬁj‘;’ — O
U , PIEZO1 —>
- Mushroom RBCs o U\ h KCNN4 —» -
- Acanthocytes ABCB6 ——
- Spherocytes
- Elliptocytes
- Ovalocytes
- Fragmented RBC
-> Ovalocytes * Overlapping
- Knizocytes morphologic features

(RBCs with 2/3 pale
regions  separated by a
well-hemoglobinized ridge)

(mainly for HS and DHS)

* Transfusion regimen

- Stomatocytes « Splenomegaly

SAO
(SLC4A1) (PIEZO1/KCNN4) (RHAG)
< 20% stomatocytes > 20% stomatocytes



First -line investigations: new methods

First-line investigations:
1. CBC + retics count
2.[_|:1eripheral blood (PB) smear ] /Currentdiagnostic\ / Integrated holographic \

3 family hiStOl‘Y workflow of HA diagnostic workflow of HA
_r_?’;‘ First—li_ne . i aﬁgﬂgﬂilja;%tggisg%%, E — First-li_ne n E Clinical
~ investigations : hemolysis signs, iron : v investigations =2 suspicion
] ] ] _ = | balance, PBSO | "
V The investigation of cell shapes mostly relies on the manual | __— C— A I ——
classification of 2D images, causing a subjective and time - Fl | [ conete |
consuming evaluation i e -
o irs
S | | | ; Intelligent diagnosis
V Holographic imaging and machine learning algorithms : holographic
| test
V Afirst diagnosis could be achieved with a turnaround time of 2-4  [7777° A/TEETETTTTEEST it bi 1
w ] : Biochemical tests (EMA : |
days = P | test SDS-PAGE, | :
o investigations | ektacytometry); enzyme | |
) | assays, BM aspirate | |
o — :_ Conclusive
o | B diagnosis
G examples for shape classes E‘ Third-line r— I}:—:-;e_ng ;;d—ge—naai——} Third-line E
@ 0 0 @ Q investigations I testing : § investigations o
0 " p & . . ... W 2
cell {cétés;ars keri?:?é:;rtes kni{z}g;];tes mu!{t::{it;ata acar:zmgt;.ﬂas unI:r:Jo}wn unl:rl:rju:lwn ‘ Specia“zed - l _____ WO . . Speda“zed " :
biochemical |- I Diagnostic study, : biochemical |~
H example for SDE shapes ‘ tests | functional validation for | tests
| new identified genetic | -",\ \
o o e o e 6 ﬂ L variants : Intelligent
““““““““ holographic
; : : : test
sph?é%?tes stom{aét.:r?;es I stomfst?rﬁtes | dlsc&c:g;rtes echlr::céﬁnes | echlr;cé??;es Il ech:r:gcily,;l}es 1] \ / \ /

Simionato et al 2020; Merola et al. 2017; Memmolo P. et al, Biosensors and Bioelectronics 2022



Second -line Investigations

Second-line investigations:
l.f.‘)smotic fragility (OF), AG LTS(ﬂ >
Pink, EMA tests, SDS-PAGE
2.Ektacytometry

A Flow cytometric Osmotic Fragility Test (FOFT):
the count of red cell is measured sequentially in real-
time flow cytometry

A Healthy control samples are necessary

V The Eosin 5-Maleimide (EMA) binds extracellular membrane-
associated proteins. EMA fluorescence can be detected by flow
cytometry and mainly reflects decreased RBC Band 3

V A recent modified version of the EMA binding test substituted
healthy control samples with fluorescent beads

SSC

1000
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800 |-
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400 |

200
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800 |

600 |

400

200

%eResidual red cells=89%

i [} | | .|'ll
0 so0 1000 Y0 400 800 f/TGDD 0
1000 : & ; o ©
Patient Patient ¥aResidual red cells=19%
800 DW
i * .. ' -':.; .._:, -‘-::' ',_:p._,r,‘-‘-,'_;; _
Bt Wi d S Ol A
200 @
L ! |:| I 1 .I'IllII |
0 500 1000 0 400 &00 /7 1000
FSC Time (204.8 sec)

Glenthgj A et al. Frontiries in Phisiology 2020



Second -line Investigations

Second-line investigations:
1.0smotic fragility (OF), AGLT50,
Pink, EMA tests, SDS-PAGE
2.[Ektacytometry] >

—

Hereditary spherocytosis Hereditary elliptocytosis Dehydrated hereditary
stomatocytosis

ADecreased Dimax (Z cell surface, deformability)
ARight-s hi ft of osmol arity curve (Z s uhydraion)e/ vol ume, 0SS
AlLefts hi ft of osmol arity curve (9 surface/volume, osn

Zaninoni et al, Front Physiol 2018



Hereditary Spherocytosis (HS)

AHS is the most common non-immune hemolytic anemia

AAlterations in the proteins of the ankyrin complex weaken the vertical interaction between the cytoskeleton and the
phospholipid bilayer

- -
e -

Actin \ .I_ET.:MH Adducin Genetic variants In five genes:

Ankyrln

AANK1 (8p11.21)

L ASPTAL (1923.1)
- complex ASPTB (14(]233)
f ASLC4A1 (17921.31)

AEPB42 (15915-g21)

’
Fr -
-
&
J-f
Ankyrin complex L
L

TMOD B-spe/ctrin 41R ’ I
vV

Primary clinical manifestations: AGenetic and allelic heterogeneity
AHemolytic anemia
AJaundice > APhenotypically highly variable: from
AReticulocytosis symptom-free carriers to patients
ASplenomegaly affected by severe hemolysis
ACholelithiasis

Andolfo I, Russo R, Gambale A, lolascon A. Haematologica 2016
lolascon A, Andolfo | and Russo R, BJH 2019



Hereditary Spherocytosis (HS)

AHS is the most common non-immune hemolytic anemia

AAlterations in the proteins of the ankyrin complex weaken the vertical interaction between the cytoskeleton and the

phospholipid bilayer
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\ a-spectrin
} { §

Ankyrln

\ | el ___ Junctional
1 [ rin
\ complex
Y a-spectrin® H
h"n‘ Ankyrin complex “.F"'!
= . _ ) - 3
TMOD B- s|::nan:tr|n 41R

Second-line investigations:

osmotic fragility test)
ADecreased Di
ARX-shift of osmolarity curve

(Z surface/ vol

L4

AReduced EMA binding test and FOFT (flow-cytometric > o\
sur f ace def

max (Z cel |

ume, osmotil cC

fragility-

Genetic variants in five genes:

AANK1 (8p11.21)
ASPTAL (1923.1)
ASPTB (14023.3)
ASLC4A1 (17921.31)
AEPB42 (15915-g21)

Andolfo I, Russo R, Gambale A, lolascon A. Haematologica 2016
lolascon A, Andolfo | and Russo R, BJH 2019



Hereditary elliptocytosis (HE)

AHE arises from defects in the proteins of the junctional complex that impair the horizontal cytoskeletal interactions

;'-‘u:tin i -
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53 O
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Dimerization o
domains
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I ;
EF hands | i
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N w 1) 2 ) ) 4).5) 6 ) 7). 8) 8 )10) 1) 12) 13 ) 14)15) 16 ) 177 )—C B-spectrin
__________ L] |
Actm binding AnKyrin-1 binding
domain domain
@ Spherocytosis .,J Haemolytic anaemia
@) Elliptocytosis ) Hydrops fetalis

i) Pyropoikilocytosis

Genetic variants in three genes:

ASPTAL (1923.1)
ASPTB (14923.3)
AEPB41 (1p35.3): severe forms

V The most common mechanism is the
damaged association of the spectrin-based
network, mainly when the defective domain
Impairs the spectrin tetramerization site

lolascon A, Andolfo | and Russo R, BJH 2019



Hereditary elliptocytosis (HE)

A HE arises from defects in the proteins of the junctional complex that impair the horizontal cytoskeletal interactions

______

;'-‘u:tln
aL- spectrln Adducin : : :
Genetic variants in three genes:
Ank},rrin ? 15 :
{ome g A A SPTA1L (1g23.1)
: Lol e A SPTB (14023.3)
L e~ ,.-' A EPB41 (1p35.3): severe forms

O
53 ;

TMOD B-spectrin 41R

T e

Clinical manifestations:
A Most patients present no anemia or hemolysis
A 10% of cases have moderate to severe anemia with o

jaundice and splenomegaly _>

Second-line investigations:
ADecreased Dimax (Z cell surface, d

lolascon A, Andolfo | and Russo R, BJH 2019; Zaninoni A et al., Front Physiol 2018



Hereditary Pyropoikilocytosis

(HPP)

V ltis arare, severe hemolytic anemia characterized by poikilocytosis and fragmented erythrocytes

V Patients often require transfusions

Genetic features:

A AR; homozygous or compound heterozygous variants in SPTAL (1g23.1) that severely disrupt spectrin self-association

A Digenic inheritance of HE-causing mutations in SPTA1-SPTB
Niss et al, Blood Cells Mol Dis 2016

A Biallelic SPTB (14g23.3) mutations

Al-Riyami et al, AJH 2017
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@ Spherocytosis
&) Elliptocytosis
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Ankyrin-1 binding

domain

lolascon A, Andolfo | and Russo R, BJH 2019



RBC disorders caused by altered membrane transport function
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V' Dehydrated hereditary stomatocytosis (DHS)
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Conventional diagnostic workflow

CBC and biochemical data |

Anemia Hemolysis | Reticulocytes count ‘ll MCV 1
Kalemia
HSt: non syndromic forms (<37°C) 1t
| |
DHS OHS CHC FP |
| ! S T | |
MCV ¢ Mcv t ‘
MCHC t MCHC } "“"‘f” mevt
| | |
Low amount of Numerous stomatocytes Numerous stomatocytes Anisopoikilocytosis
stomatocytes at PB at PB at PB at PB
. I t |
EMA test: normal or 1 EMA test 1 EMA test:} EMAtest: ? |

|
Ektacytometry: left shift

(PIEZO1 mutations and
KCNN4-V282M), normal
(KCNN4-R352H) *

I

Molecular analysis:
PIEZO1/KCNN4

Ektacytometry: right shift,
osmotic fragility is
Increased *

Ektacytometry: 7 * |

Ektacytometry: 7 * |

Molecular analysis:
ABCB6

Molecular analysis: Molecular analysis:
RHAG SLC4A17

|
DHS syndromic

form

as DHS with FP
and/or PE

HSt: syndromic forms
- |

|
Phytosterolemia non-leaky

Stomatin deficient
stomatocytosis

CHC

t MCV, macrothrombocytopenia, high plasma

phytosterols (cholesterol)
|

numerous stomatocytes at PBE, no cation leak
I

Molecular analysis:
ABCG5/ABCGSE

as CHC associated with a
neurological disorder

Molecular analysis:
SCL2A1

V' Dehydrated hereditary stomatocytosis (D

V Overhydrated hereditary stomatocytosis (OHS)

V  Cryohydrocytosis (CHC)
V Familial pseudohyperkalemia (FP)

A A dominant red cell trait that is generally not associated with hemolytic

anemia
A Stomatocytes are rarely observable on PB smear

A RBCs from FP patients exhibit a loss of K+ at low temperatures (<37°C,

mostly 8-10°C), but not at 37°C.

A ABCBG6 belongs to the family of ATP-binding cassette (ABC) transporters
that transport endogenous and xenobiotic substrates across cellular

membranes

Andolfo I, Russo R, Gambale A, lolascon A. Am J Hematol. 2018



Hereditary stomatocytoses ( HSt)
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V Genotype-phenotype correlation in HSt

V Clinical features of 73 HSt patients stratified according to the genotype

PIEZO1 KCNN4 SLC4A1 PIEZO1 KCNN4 SLC4A1
patients® patients® patients patients® patients® patients
DHS1 DHS2 CHC DHS1 DHS2 CHC
Number of patients (%) 36 (49.3) 5(6.8) 7 (9.6) Number of patients (%) 36 (49.3) 5(6.8) 7 (9.6)
Gender (female/male) 16 (44.4)/20 2 (40.0)/3 (60.0) 4(57.1)/3(42.9) Gender (female/male) 16 (44.4)/20 2 (40.0)/3 (60.0) 4 (57.1)/3 (42.9)
(55.6) (55.6)
Onset of symptoms (years) 7.7 + 2.0(1.5; 9.4 4+ 6.2 (7.0; 2504+ 9.6 Onset of symptoms (years) 7.7 4+ 20(1.5; 9.4 + 6.2 (7.0; 250+ 9.6
18) 3) (12.0; 7) 18) 3) (12.0; 7)
Age of diagnosis (years) 215+ 32(200; 293 +118 344+ 93 Age of diagnosis (years) 215+ 32(200; 293+ 118 344 + 93
27) (27.5; 4) (30.0; 7) 27) (27.5; 4) (30.0; 7)
(" Blood count ) Biochemical, laboratory data and iron balance 400 - P < 0.0001
Ref range® Ref range®
RBC(10%p)  3.9-5.6 g RO 3602 3.6, 02 40, Total bilirubin 38405(37  46+20(39;  25+05(22 300-
(mg/dL) 22) 5) 7) P <005
Hb (g/dL) 11.0-16.0 12;; 0.4 (12.7; 12&2159.5}; 12.;1;% Ferritin (ng/ml)  22.0-275.0  563.7 + 106.3 3020 + 1270 | 2229 +119.0 E
-3 (12.8, (425.5; 20) (291.0; 4) (78.0; 5) * 2007
Het (%) 33.0-45.0 313561 1.3(37.6; 34;‘; 1l?_2-53 33?;;; Ferritin level/ 401+ 67(303; 114 +45 61+ 2.6(3.3;
) (31.7:5) (39.3, dosage age® 19) (11.3; 4) 6) 100-
D 06250 ﬂﬂgnig?l;] 95£ ;;g; 96'91;;*% LDH (U/D) 12502430 2912 + 32.1 2412 £ 77.9 674.5 1+ 138.8
- - e (253.0; 19) (437.0; 5) (686.5; 6) "
MCH (pg) 23.0-330 35‘2];; 1.0(35.8; 32&231‘?1';; 31; l‘L?Df] Transfusion treatment, organomegaly, and surgical intervention CDAII (n=111) HS (ne23) DHS1 (n=16) DH>2 (n=3)
7 % : Hb < 12.5 g/di
MCHC (g/dL) 23.0-33.0  354407(340; 33.6+10 33.3 + 0.4 Transheslon need {yes/no) / %45:5'; 22 1200yama0)  1{1A43/64857)
36) (34.0; 5) (33.2; 7) :
Retics count i 161.5 + 17.9 263.1 + 55.3 2250 + 85.1 Splenomegaly (yes/no) Eﬁﬁ?f}” > 4(80.0/1(200)  7(100//0(0.0)
(x10%/pL) (145.9; 33) (253.5; 5) (176.4; 7) :
. i 0)  0(0.0)/7 (100
Retics % 0.5-2.0 5.2 4 0.5 (4.3; 7741965 454 1.4(4.2; Splenectomy fyes/no) > %2??; 17 2(40.01/3 (60.0) (0.0/7 (100)
33) 5) 7) ‘
\- ' Galistones (yes/no) 11 (50.0)/11 5 (100)/0 (0.0) 2 (28.6)/5 (71.4)
(50.0)
Cholecystectomy (yes/no) 3(13.6)/19 2 (40.0)/3 (60.0)  2(28.6)/5(71.4)
(86.4)

Andolfo I, Russo R, et al. Am J Hematol 2018
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Dehydrated hereditary stomatocytosis (DHS)

A DHS can be caused by PIEZO1 (90% of cases) and KCNN4 (10% of cases) variants
A DHS-PIEZOL1 is a pleotropic syndrome characterized by variable phenotypes

Main characteristics

(PIEZO1) V Left shift for most of PIEZO1

. . A mutations/normal curves for most of
Macrocytic anemia le : MCV TMCHC the KCNN4 mutations
Hemolysis Ret countT LDHT Hapl Bil (tot, ind)T
Splenomegaly and gallstones Splenectomy is contraindicated due to

Increased risk of severe Dimax
thromboembolic complications 0.7 i}
Variable numbers of »O <20% 0.5
stomatocytes at PB smear %/ 0.4 -
Pre-and/or perinatal edema 0.3 1
(syndromic form). Pregnancy 0.2 4
should be monitored 0.11 |
i . 0 _*x 1 r * | 1

Pseudohyperkalemia t Kalemia 0 100 200 300 400 500 600 700
(syndromic form) Osmolarity (mOsm/Kg)
Severe iron overload Ferritin, transferrin saturation, A
(hepatosiderosis) “.2 and liver iron concentration

Jankovsky N, et al AJH 2021; Andolfo et al. AJH 2018; Picard et al., Haem. 2019
Courtesy by |. Andolfo Andolfo et al. Haematologica 2016; Andolfo et al. Blood 2013



Dehydrated hereditary stomatocytosis (DHS)

PIEZO1 is a mechanoreceptor

(non-selective cation channel activated by several mechanical stimuli) that forms a trimeric propeller -
like structure of about 900 kDa in the plasma membrane of cells. GoF variants in PIEZO1 cause DHS.

GoF variants in PIEZO1

Q00O

QO0000V00O

axtracellular

QOO

Q0000000

intracellular

Courtesy by I. Andolfo

Red blood cell Erythroblasts Reticulocytes  Erythrocytes Platelet
Altered deformability Impaired terminal Increased thrombotic
Dehydration erythroid differentiation events after splenectomy

Resistance to malaria

Liver Macrophage Spleen Lymphatic vessels
Hepatic iron overload Increased
erythrophagocytosis Lymphedema

Andolfo | et al, AJH 2021



I t t | | t | f I M
Alternative diagnostic workflow

Firstline investigations: Third-line investigations:

1. CBC + retics count - 1.Direct sequencing of causative

2. peripheral blood (PB) smear genes
3. family history 2.NGS custom panels, WES, W(GS

\\ 4

Currently, genetic testing Is used early in the diagnostic workflow when: (= )

V  the clinical data do not suggest a specific suspicion

V  the patient Is transfusion dependent
V  the sample is shipped from other countries (long shipment )

»
((o

A s tceeeadti(t

S

& (Tt

C Second-line investigations A useful for reverse phenotyping |
a-hve-nATUEe

Russo et al, AJH 2018; Andolfo et al, AJH 2018; Zaninoni et al, Front Physiol 2018
Russo et al, Front Physiol 2020; Andolfo et al, Genes 2021



Third -line Investigations: genetic testing

V NGS analysis allows simultaneous evaluation of many genes

V A drawback remains in the overall complexity of the data analysis A the more genes we examine, the greater the number of
variants we identify

LE bbb b b ) em——————— NGS in clinical settings
w - : - — —  mm  ceoes  EE
7] _, RS, EEEEEEE S — A Custom gene panels (100-200 genes)
f\ f\ W\ = : Pl e A Diagnostic yield: 50-70% of analyzed
V — e s .
= == patients
cases
i : : Targeted-NGS WGS
Analysis method Sanger or direct sequencing argivEES KnEread L tneing
SNVs SNVs e
Assessed features s e Small del/ins/indels 9 Targeted
mall del/ins/indels CNV CNVs
> Trinucleotide repeat expansion
Fragment lengths 500- 1000 bp 50—-150bp 50-150bp;> 500 bp
Technical accuracy Veery high High Low
Functional Li Computational Compumtional | e
i ) iterature = 0 Pathogenicity prediction
Interpretation Pathogenicity prediction Muli armics tools

Roy NBA, Da Costa L, Russo R. Br J Haematol. 2022
Russo R, Marra R, Rosato BE, Iolascon A, Andolfo I. Front. Physiol. 2020
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Inheritance pattern:

Adominant in ~75% of cases
Anon-dominant in 25% of patients (ndHS) A usually severe phenotype
ADe novo events are mostly related to haploinsufficient mutations in the ANK1 and SPTB genes

Table 1
Genetic Features of Hereditary Spherocytosis and Allied Disorders
Disease Subtype Phenotype MIM Number Inheritance Gene Location
(HS 1 182900 AD ANKT (50% of cases, mostly de novo) 8p11 21
— — AR ANKT (biallelic missense varnants) 8p11 .21
Z 616649 AD SPTE (20% of cases, mostly de novo) 14023.3
3 270970 AR SPTAT (rare) 1923.1
4 612653 AD SLC4AT (20% of cases) 17g21.31
9 5 612690 AR EFB42 (rare) 15015.2 |
HE 1 611804 AD EFB41 (severe forms) 1p35.3
Z 130600 AD SPTAT 1923.1
3 — AD SPTE 14023.3
HPF — 266140 AR SPTAT structural vanant in trans to a low-expression SPTAT allele 1923.1

AD= autosomal dominant, AR = autosomal recessive, HE = hereditary alliptocytosis, HPP =heraditary pyropoikilocytosis, HS = hemeditary spherocytosis.

Russo R, Andolfo I. HemaSphere Educational Updates in Hematology Book | 2019
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Geographical distribution

V Systematic literature review:
A Case series reviewed: 13
A Period: 20227 2016
AOverall sample size: 627 patients (range: 137 160)
A Age distribution: 81.6% (363/445) of enrolled patients were < 14 years
China, 6 Canada, 2 The Netherlands, 1

Genotype
(n = 627 samples)

120 |
[ a2 |
100 . g2 | 22

80 35.6

(%)

» ARange: 3-36%

40 | |
0 . ACaveat: case selection bias
0

ANK1 SPTB SLC4A1 kSPTA1J EPB42

Weighted average
(%)

Russo R, et al. 2024 (in submission)
Yang L, et. Clin Genet. 2022



Genotype -phenotype correlation iIn HS

(post -NGS)
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Genotype-phenotype correlation

No significance
46.2
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ANK1/SPTB ANK;ESPTB

> SLC4A1 '

23 1

C SPTB or ANK1 variants A moderate or severe HS with low
Hb concentrations and high reticulocyte count

C SPTAL biallelic variants A mild-to-severe HS (depending on
the reduction of SPTA1 production)

V 85 patients:

ASPTAL : 36% (31/85 patients) A autosomal

recessive HS

Russo R, et al. 2024 (in submission)
Yang L, et . Clin Genet. 2022; van Vuren A, et al. Hemasphere. 2019



